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[Claim] 
[Claim 1] 

Silica group microparticles having a mean particle 
diameter of 5 nm to 300 nm, the invention characterized as 
follows . Said microparticles are hollow spherical shapes 
wherein a cavity is formed inside an outer shell having 
fine holes and containing a solvent and / or gas when said 
microparticles are regulated inside said cavity; 
[Claim 2] 

Silica group microparticles as described in Claim 1 
wherein a precursor substance used to form the 
abovementioned cavity remains inside said cavity; 
[Claim 3] 

Silica group microparticles as described in Claim 1 or 
Claim 2 wherein the thickness of the abovementioned outer 
shell is in the range of 1 nm to 50 nm and the mean 
particle diameter is in the range of 1/50 to 1/5; 
[Claim 4] 

Silica group microparticles as described in Claim 1 
through Claim 3 wherein the abovementioned outer shell is 
comprised of a coating layer; 



2 



[Claim 5] 

Silica group microparticles as described in Claim 1 
through Claim 4 wherein the abovementioned fine holes are 
closed and the abovementioned cavity is sealed by the 
abovementioned outer shell; 
[Claim 6] 

A method of producing the silica group microparticle 
dispersion which is made up of the following steps (a) 
through (c) . 

(a) a step wherein an aqueous solution of silicate and / or 
an acidic silicic acid solution and an inorganic compound 
aqueous solution which is soluble in alkali are added 
simultaneously to an alkali aqueous solution in which an 
alkali aqueous solution having a pH of 10 or above or an 
alkali aqueous solution having a pH of 10 or above in which 
seed particles have been dispersed, and the kernel particle 
dispersion is prepared wherein the mol ratio of MO x / Si0 2 
when the silica is expressed as SiC>2 and an inorganic 
compound other than silica is expressed as MO x is within the 
range of 0.3 to 1.0. 

(b) a step wherein a silica source is added to the 
abovementioned kernel particle dispersion and a first 
silica covering layer is formed on the kernel particles 

(c) a step wherein acid is added to the abovementioned 



3 



dispersion and all or part of the elements making up the 
abovementioned kernel particles are removed. 
[Claim 7] 

A method of producing the silica group microparticle 
dispersion as described in Claim 6 wherein the 
abovementioned removal is carried out so that the 
concentration of the kernel particles in the kernel 
particle dispersion is converted to an oxide within a range 
of 0.1 to 50 wt. %; 

[Claim 8] A method of producing the silica group 
microparticle dispersion as described in Claim 6 or Claim 7 
wherein an alkali aqueous solution and the organic silicon 
compound represented by chemical formula (1) and/or a 
partial hydrolyte thereof are added to the microparticle 
dispersion obtained in step (c) as described in Claim 6 and 
a second silica covering layer is formed on said 
mi cropar tides ; 

R n SiX ( 4 - n ) . . (1) 

[where R : a non- substituted or substituted hydrogen carbide 
group having 1 to 10 carbon atoms; X: an alkoxy group 
having 1 to 4 carbon atoms, a silanol group, halogen or 
hydrogen; n: an integer from 0 to 3] 
[Claim 9] 

A method of producing the silica group microparticle 
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dispersion wherein the microparticle dispersion obtained in 
Claim 8 is subjected to water and heat treatment at 50 to 
350°C; 
[Claim 10] 

A method of producing the silica group microparticle 
dispersion wherein the microparticle dispersion obtained in 
Claim 8 or Claim 9 is dried, then subjected to atmospheric 
pressure or depressurized and sub j ected to heat treatment 
at 400 to 1200°C; 
[Claim 11] 

A base material formed wherein a coating containing 
the silica group microparticles as described in any of 
Claim 1 through Claim 5 or the silica group microparticles 
obtained by using the method of production mentioned in any 
of Claim 6 through Claim 10 and the matrix used to form the 
covering is formed singly or is formed on the surface of 
the base material along with another covering . 



[Detailed Description of Invention] 
[0001] 

[Technical Field] The present invention relates to hollow 
cylindrical silica group microparticles having cavities 
inside the outer shell, a method for producing the silica 
group microparticle dispersion and a base material such 
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that a coating including the abovementioned silica group 
microparticles is formed on the surface of the base 
material . 

[0002] 

[Description of the Prior Art] 

There are well-known prior-art hollow silica particles 
having a particle diameter of approximately 0.1 to 300 ^m 

(Laid-Open Patent Specification 6-330606, Laid-Open Patent 
Specification 7-013137) . In addition, the Table in Patent 
Publication 2000-500113 discloses a method of producing 
hollow particles made of a dense silica shell by 
precipitating activated silica from a silicic acid alkali 
metallic aqueous solution on a core made up of a material 
other than silica and removing said material without 
breaking the silica shell . In addition, Laid-Open Patent 
Specification 11-029318 describes well-known micro-size 
spherical silica particles, wherein the outer periphery 
part is a shell, the center part is hollow and the shell is 
dense on the outside and has a core shell structure having 
a concentrated inclined structure which is as coarse as the 
inside. In addition, the inventors have proposed that 
complex oxide microparticles having a low index of 
refraction can be obtained by first completely covering the 
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surface of the porous inorganic oxide microparticles with 
silica and the like (Laid-Open Patent Specification 7- 
133105) . 



[0003] 

[Problems Which the Present Invention is Intended to Solve] 
The present invention is a further development of the 
invention described in the abovementioned Laid-Open Patent 
Specification 7-133105 and it is an object of the present 
invention to obtain silica group microparticles with a low 
index of refraction and to obtain hollow spherical silica 
group microparticles having a cavity inside the outside 
shell by using porous complex oxide particles as kernel 
particles. It is another object of the present invention to 
provide a method of producing the abovementioned hollow 
spherical silica group microparticle dispersion and a base 
material with attached coating wherein a coating containing 
said silica group microparticles is formed on the surface 
of the base material, having a low index of refraction, 
outstanding adhesion to resin and the like, outstanding 
strength and reflection protection performance and the 
like . It aims specifically to improve the index of 
refraction of the silica group microparticles to 
specifically 0.01 to 0.02 and above and it is an object of 
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the invention to improve the value of the reflectance of 
the light beams of a wavelength of 550 nm for the base 
material with attached coating to 0.1 to 0.2 % and above. 

[0004] 

[Means Used to Solve the Problems] 

The silica group microparticles in the present 
invention have a mean particle diameter of 5 nm to 30 0 nm; 
said microparticles are hollow and spherical such that a 
cavity is formed inside the outer shell which has fine 
holes ; and contains a solvent and / or a gas when said 

/3 

microparticles are adjusted inside said cavity. The 
precursor substance used to form the abovementioned cavity 
should remain inside said cavity . The thickness of the 
abovementioned outer shell should be within the range of 1 
nm to 5 0 nm and the mean particle diameter should be within 
the range of 1/50 to 1/5. The abovementioned outer shell 
should be made up of a plurality of coating layers. 

[0005] 

The method for producing the silica group 
microparticle dispersion in the present invention is made 
up of the following steps (a) through (c) . 
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(a) a step wherein an aqueous solution of silicate and / or 
an acidic silicic acid solution and an inorganic compound 
aqueous solution which is soluble in alkali are added 
simultaneously to an alkali aqueous solution in which an 
alkali aqueous solution having a pH of 10 or above or an 
alkali aqueous solution having a pH of 10 or above in which 
seed particles have been dispersed, and the kernel particle 
dispersion is prepared wherein the mol ratio of MO x /Si02 
when the silica is expressed as SiC>2 and an inorganic 
compound other than silica is expressed as MO x is within the 
range of 0.3 to 1.0. 

(b) a step wherein a silica source is added to the 
abovementioned kernel particle dispersion and a first 
silica covering layer is formed on the kernel particles. 

(c) a step wherein acid is added to the abovementioned 
dispersion and all or part of the elements making up the 
abovementioned kernel particles are removed. 

[0006] 

The abovementioned removal should be carried out 
within a range of 0.1 to 50 wt. % when the concentration of 
the kernel particles in the kernel particle dispersion is 
converted to an oxide . An organic silicon compound 
represented by the chemical formula (1) and / or a partial 



9 



hydrolyte of it are added to the microparticle dispersion 
obtained in the abovementioned step (c) and a second silica 
group coating layer should be formed on said 
microparticles . 

R n SiX ( 4 -n) • • (1) 

[where R : a non- substituted or substituted hydrogen carbide 
group having 1 to 10 carbon atoms; X: an alkoxy group 
having 1 to 4 carbon atoms , a silanol group, halogen or 
hydrogen; n : an integer from 0 to 3 ] 

The abovementioned microparticle dispersion obtained should 
be water and heat-processed at 50 to 350°C. After the 
abovementioned microparticle dispersion obtained is dried, 
it is sub j ected to atmospheric pressure or depressurized 
and should be heated to 400 to 1200°C. 

[0007] 

The base material with coating in the present 
invention is such that a coating containing silica group 
microparticles and coating formation matrix as described in 
any of the sections above is formed singly or along with 
another coating on the surface of a base material 
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[0008] 

[Mode of Working the Present Invention] 

Next, we shall explain a suitable mode of working the 
present invention . 
1 . Silica Group Mi cropar tides 

The silica group microparticles in the present 
invention have cavity 20 inside the outer shell 10 which is 
made up of a silica group inorganic oxide, as indicated in 
Figure 1 (a) . The silica group inorganic oxide contains ( 1 ) 
a single silica layer; (2 ) a single layer or a complex 
oxide made up of silica and an inorganic oxide other than 
silica; and ( 3 ) a double layer consisting of the 
abovementioned layer (1) and layer (2) . Outer shell 10 may 
be porous and have fine holes and said fine holes may be 
closed and cavity 20 may be sealed through operations which 
will be discussed further on. As indicated in Figure 1 (b) , 
outer shell 1 0 may consist of a plurality of silica group 
coating layers made up of a first silica coating layer 11 
and a second silica coating layer 12. The fine holes in 
outer shell 10 are closed by setting in place second silica 
coating layer 12 and the outer shell 10 becomes denser and 
the microparticles can be obtained which seal in cavity 220 
inside outer layer 10. 
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[0009] 

The thickness of the first silica coating layer should 
be within the range of 1 to 50 nm and particularly within 
the range of 5 to 20 nm. When the thickness of the first 
silica coating layer is less than 1 nm, it is difficult to 
maintain the particle shape when part of the constituent 
elements of the spherical kernel particles, to be discussed 
further on, is removed and it is difficult to obtain 
spherical microparticles . In addition, it is difficult for 
a partial hydrolyte and the like of the organic silicon 
compound to go through the fine holes when the second 
silica coating layer is formed and to remove the kernel 
particle constituents. On the other hand, when the 
thickness of the first silica coating layer exceeds 50 nm, 
it is difficult to remove the constituent which makes up 
the kernel particles in the next step . In addition, the 
proportion of the cavity in the spherical microparticles 
declines and the lowering of the index of refraction is 
insufficient . In addition, the thickness of outer shell 1 0 
should be within the range 1/50 to 1/5 of the mean particle 
diameter, to be discussed further on. When the particle 
diameter is large and dissolution and removal are carried 
out using an acid for microparticles having a thin outer 
shell when part of the constituent elements of the kernel 
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particles are removed, the fine holes in the first silica 
coating layer become too large due to the repetition 
operations, they are broken and it is no longer possible to 
retain the spherical shape of the kernel particles. The 
thickness of the second silica coating layer should be 
within the range of 1 to 5 0 nm as indicated above when 
combined with the thickness of first silica coating layer 
1 1 , and in particular should be within the range of 2 0 to 
49 nm in order to densify outer shell 10. 

[0010] 

A gas which sometimes infiltrates a solvent and /or 
during drying is present when these silica group 
microparticles are prepared for cavity 20. In addition, a 
precursor substance 22 used to form the cavity, to be 
discussed further on, may remain. As indicated in Figure 1 
(c) , precursor substance 22 sometimes adheres to outer 
shell 10 and it may take up most of the inside of cavity 
20, as indicated in Figure 1 (d) . Precursor substance 22 is 
a porous substance which remains after part of the 
constituent elements have been removed from the kernel 
particles used to form the first silica coating layer . 
Porous complex oxide particles made up of silica and an 
inorganic compound other than silica are used for the 
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kernel particles. The inorganic compound may be AI2O3, B2O3, 
Ti0 2 , Zr0 2 , Sn0 2 , Ce 2 0 3 , P 2 0 5 , Sb 2 0 3 , M0O3, Zn0 2 , W0 3 and the 
like and may be used singly or in combinations of two or 
more . The two or more inorganic oxides may be Ti0 2 -Al 2 C>3, 
Ti0 2 -Zr0 2 and the like. Furthermore, the abovementioned 
solvent or gas is also present inside the fine holes of 
this porous substance . When large quantities of the 
constituent elements are removed as this time, the volume 
of hollow 20 increases, spherical microparticles with a low 
index of refraction are obtained and the transparent 
coating is obtained by compounding said spherical 



microparticles having a low index of refraction and 
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outstanding reflection prevention capabilities . 



[0011] 

The mean particle diameter of the spherical 
microparticles in the present invention should be within 
the range of 5 to 300 nm. When the mean particle diameter 
is less than 5 nm, the proportion of the volume of outer 
shell 10 in the spherical microparticles increases and the 
proportion of the volume of cavity 2 0 declines . On the 
other hand, when the mean particle diameter exceeds 30 0 nm, 
it is difficult to obtain a stable dispersion and the 
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transparence of the coating and the like containing said 
fine particles readily declines. The ideal mean particle 
diameter of the silica group fine particles is within the 
range of 10 to 200 nm. Furthermore, the abovementioned mean 
particle diameter is found by using the active light 
scattering method . 



[0012] 2. Method of Producing Microparticle Dispersion 

The method of producing the silica group microparticle 
dispersion in the present invention is comprised of the 
abovementioned steps (a) through (c) . We shall describe it 
in sequence as follows. 



(a) Preparation of kernel particle dispersion 

One or two or more types of silicate selected from 
alkali metal silicate, ammonium silicate and an organic 
base silicate should be used as the silicate . Alkaline 
metal silicates include sodium silicate (water glass) and 
potassium silicate; the organic base may be tetraethyl 
ammonium salt and other quaternary ammonium salts, 
monoethanol amine, diethanol amine, triethanol amine and 
other amines. Ammonium silicates or organic base silicates 
include alkaline solutions containing ammonia in a silicate 
solution, quaternary ammonium hydroxides, amine compounds 
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and the like. A silicic acid solution obtained by removing 
the alkali by processing a silicic acid alkali aqueous 
solution using a positive ion exchange resin and removing 
the alkali can be used as the acid silicic acid solution . 
In particular, an acidic silicic acid solution having pH 2 
to pH 4 whose Si0 2 concentration is approximately 7 wt . % 
and under is suitable. An alkali-soluble inorganic compound 
should be used as the raw material for the inorganic oxide 
and the abovementioned alkali metal salt or alkali earth 
meal salt of the abovementioned metal or non-metal oxy 
acid, ammonium salt and quaternary ammonium salt may be 
used. More specific examples are sodium aluminate, sodium 
tetraborate, zirconyl ammonium carbonate, potassium 
antimonate, potassium st annate, sodium aluminosilicate, 
sodium molybdenate, ammonium cerium nitrate, sodium 
phosphate and the like . 

[0013] 

In preparing the kernel particle dispersion, an alkali 
aqueous solution of the abovementioned inorganic compound 
is prepared separately beforehand or a mixed aqueous 
solution is prepared and added gradually to an alkali 
aqueous solution having pH 10 or greater while stirring in 
accordance with the proportion of the complex of silica and 
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inorganic oxide other than silica for the target aqueous 
solution. The proportion of the silica raw material and 
the inorganic oxide added to the alkali aqueous solution 
is such that the mol ratio M0 x /Si02 when the silica 
constituent is expressed as SiC>2 and the inorganic compound 
other than silica is expressed as M0 X should be in the range 
of 0.3 to 1.0 and particularly in the range of 0.35 to 
0.85. When the MO x /Si02 ratio is less than 0 . 3, the volume 
of the abovementioned cavity cannot be sufficiently 
increased. On the other hand, when the ratio of MO x /Si0 2 
exceeds 1.0, it is difficult to obtain spherical kernel 
particles. As a result, the proportion of the volume of the 
cavity in the hollow microparticles obtained declines. As 
long as mol ratio MO x / SiC>2 is within the range of 0.3 to 
1.0, the structure of the kernel particles consists mainly 
of a structure wherein the silicon and the elements other 
than silicon bond with one another through oxygen. This 
means that the oxygen atoms bond with four silicon atom 
bond, there are many structures wherein element M which is 
not silica bonds with the oxygen atoms. It adjoins element 
M and the silicon atoms can be removed as silicic acid 
monomers and oligomers when element M which is not silica 
is removed in step (c) to be discussed further on. 
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[0014] 

When the production method in the present invention is 
used, a dispersion of seed particles may be used as the 
starting material when a kernel particle dispersion is 
prepared. In this case, the seed particles may be Si0 2 , 
A1 2 0 3 , Ti0 2 , Zr0 2 , Sn0 2 and Ce0 2 and other inorganic oxides 
or complex compounds thereof such as Si0 2 -Al 2 C>3, Ti0 2 -Al 2 C>3, 
Ti0 2 -Zr0 2 , Si0 2 -Ti0 2 , Si0 2 -Ti0 2 -Al 2 0 and other microparticles 
may be used. Usually sols of these may be used. This seed 
particle dispersion can be prepared by using a well-known 
prior-art method. For example, it can be obtained by adding 
a metal salt which corresponds to the abovementioned 
inorganic oxide, a mixture of a metal salt or an acid or an 
alkali added to a metal alkoxide and the like, hydrolyzing 
it and obtaining it by ageing as needed . These are added 
while stirring like the method in which the solution of the 
abovementioned compound in the seed particle dispersion 
with pH ad j us ted to 10 and above is added to the 
abovementioned alkali aqueous solution. Even in this case, 
things are left to take their natural course without 
controlling the pH of the dispersion. Thus, when the seed 
particles are used as seeds and the kernel particles are 
grown, it is easy to control the particle diameter of the 
particles grown and the particle diameters can be made 
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uniform. The proportion of the silica raw material and the 
inorganic oxide added when adding to the seed particle 
dispersion is within the same parameters as when these were 
added to the abovementioned silica aqueous solution. The 
abovementioned silica raw material and inorganic oxide raw 
material have a high solubility on the alkali side. 
However, when both of these are mixed in a pH region with 
high solubility, the solubility of the silicic acid ions 
and the aluminic acid ions and other oxo acid ions 
declines, these complexes are deposited and grow into 
colloid particles or they are deposited on the seed 
particles and particle growth occurs. As a result, when the 
colloid particles are deposited and grown, the pH need not 
be controlled as was the case in the prior art . 



[0015] 

When the abovementioned kernel particle dispersion is 
being prepared, a hydrolyte of the organic silicon compound 
indicated in the abovementioned chemical formula (1) as a 
silica raw material may be added to the alkali aqueous 
solution. Specific examples of the organic silicon compound 
are: tetramethoxy silane, tetraethoxy silane, 
tetraisopropoxy silane, methyl trimethoxy silane, dimethyl 
dimethoxy silane, phenyl trimethoxy silane, diphenyl 
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dimethoxy silane, methyl triethoxy silane, dimethyl 

diethoxy silane, phenyl triethoxy silane, diphenyl diethyl 
silane, isobutyl trimethoxy silane, vinyl trimethoxy 
silane, vinyl tris (/3 methoxyethoxy) silane, 3,3,3- 
trif luoropropyl trimethoxy silane, methyl-3, 3, 3- 
trif luoropropyl dimethoxy silane, /3- (3, 4 epoxy cyclohexyl) 
ethyl trimethoxy silane, ^-glycydoxytripropyl trimethoxy 
silane, ^-glycydoxy propyl methyl diethoxy silane, y- 
glycydoxy propyl triethoxy silane, ^-methacryloxy propyl 
methyl dimethoxy silane, ^-methacryloxy propyl trimethoxy 
silane, ^-methacryloxy propyl methyl diethoxy silane, y- 
methacryloxy propyl triethoxy silane, N-/3 (aminoethyl ) y- 
aminopropyl methyl dimethoxy silane, N-/3 (aminoethyl ) y- 
aminopropyl trimethoxy silane, N-/3 (aminoethyl) y- 
aminopropyl triethoxy silane, y-aminopropyl trimethoxy 
silane, ^-aminopropyl triethoxy silane, N-phenyl-^- 
aminopropyl trimethoxy silane, ^-mercapto propyl trimethox 
silane, trimethyl silanol, methyl trichlorosilane, methyl 
dichlorosilane, dimethyl dichlorosilane, trimethyl 
chlorosilane, phenyl trichlorosilane, diphenyl 
dichlorosilane, vinyl trichlorosilane, trimethyl 
bromosilane, diethyl silane and the like . The 
abovementioned organic silicic acid compounds where n is 1 
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to 3 have poor hydrophilicity so that steps should be taken 
to see that they can be mixed together uniformly in the 
reaction group by hydrolyzing them in advance. A well-known 
method of hydrolyzing these organic silicic acid compounds 
can be used for hydrolysis. When a hydroxide of an alkaline 
metal and aqueous ammonia, amines and other basic solvents 
is used as the hydrolyzing solvent, these basic solvents 
are removed after hydrolysis and can be used for the acidic 
solution . In addition, when an organic acid and inorganic 
acid and other acidic solvents are used and the hydrolyte 
is prepared, hydrolysis is carried out and then the acidic 
solvent should be removed by ion exchange and the like. 
Furthermore, the hydrolyte of the organic silicon compound 
obtained should be used in the form of an aqueous solution. 
Here, by "aqueous solution" is meant the state wherein the 
hydrolyte is a gel, is not cloudy and is transparent . 

[0016] (b) Forming First Silica Coating Layer 

A silicic acid solution obtained by deal kali nation of 
the silica metal salt (water glass) in particular should be 
used as the silica raw material added. When the kernel 
particle dispersion medium is used with water alone or when 
the percentage of water in the organic solvent is high, 
coating processing may be carried out using a silicic acid 
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solution. When a silicic acid solution is used, a 
prescribed amount of silicic acid solution is added to the 
dispersion and at the same time, alkali is added and the 
silicic acid solution is precipitated on the surface of the 
kernel particles. A hydrolyzing organic silicon compound 
may be added as the silica raw material. The hydrolyzing 
organic silicon compound may be an alkoxy silane 
represented by general formula R n Si(0R')4-n [where R, R' are 
an alkyl group, an aryl group, a vinyl group, an acryl 
group and other hydrogen carbide group, n = 0, 1, 2 or 3] 
and particularly should be a tetramethoxy silane, 
tetraethoxy silane, tetraisopropoxy silane and other 
tetraalkoxy silanes . 

[0017] 

The method used for adding may involve adding a 
solution, made by adding a small amount of alkali or acid 
as a solvent to a mixed solution of these alkoxy silanes , 
pure water and alcohol, to the abovementioned kernel 
particles, hydrolyzing the alkoxy silane and precipitating 
the silicic acid polymer generated on the surface of said 
kernel particles. At this time, ammonia, an alkaline metal 
hydroxide or solvent may be added simultaneously to the 
dispersion. A variety of inorganic acids and organic acids 
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may be used as the alkali solvent. Furthermore, coating 
processing can be carried out through combined use of 
alkoxy silane and the abovementioned silicic acid solution. 
In addition, coating processing may be carried out by 
combined use of an inorganic compound other than the silica 
source as needed. An alkali-soluble inorganic compound used 
in the preparation of the abovementioned kernel particles 
may be used as well. Furthermore, the amount of silica raw 
material and the inorganic compound added as needed should 
be sufficient to form a coating layer having the thickness 
described above. The first silica coating layer must be 
porous having a large number of fine holes . 



[0018] (c) Formation of Cavities 

Hollow spherical microparticles having cavities inside 
the first coating layer may be produced as an outer shell 
by removing part or all of the elements which make up said 
kernel particles from the kernel particles covered by the 
abovementioned first coating layer. Several methods can be 
illustrated for removing part or all of the elements making 
up the kernel particles which involve dissolving and 
removing are carried out by adding a mineral acid and an 
organic acid to said kernel particle dispersion or by 
ion exchange removal by bringing it into contact with a 
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positive ion exchange resin. The concentration of the 
kernel particles in the kernel particle dispersion at this 
time differs depending on the processing temperature. 
However, when converted to the oxide, it should be within 
the range of 0.1 to 50 wt. % and particularly within the 
range of 0.5 to 25 wt. % . When it is less than 0.1 wt . %, 
the silica in the first silica coating layer may dissolve 
and at the same time, the processing efficiency is poor due 
to the low concentration. In addition, when the 
concentration of the kernel particles exceeds 50 wt . %, it 
is difficult to remove the desired amount of the elements 
which make up the kernel grains only in several stints. The 
elements other than silica can be removed only by 
dissolving by adding the acid whereas the solubility of the 
silica is low so that deposition occurs inside the 
particles immediately even if a silica monomer is 
generated . As a result, the amount of silica removed along 
with the other elements declines and cavities do not form 
efficiently. 

[0019] 

The abovementioned elements should be removed until 
the MO x /Si0 2 of the silica group fine particles obtained 
reaches 0.0001 to 0.2 and particularly 0.0001 to 0.1. The 
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dispersion used to remove the elements can be washed by 
ultrafiltration or other well-known washing method. In this 

/6 

case, if ultrafiltration is carried out after part of the 
alkaline metal ions in the dispersion, alkaline earth metal 
ions and ammonium ions and the like is removed, a sol in 
which microparticles with a high dispersion stability are 
dispersed is obtained. Furthermore, an organic solvent 
dispersion sol can be obtained by substitution with an 
organic solvent as needed. The silica group microparticles 
dispersed in the dispersion sol obtained in this way are 
made up of a first silica layer having a porous outer shell 
and a solvent and / or a gas is contained in the cavity 
inside. In addition, when the kernel particles have not 
been completely removed, the porous substance remains 
inside the cavity . As a result, the hollow microparticles 
obtained have a low index of refraction and the coating 
formed using said hollow fine particles has a low index of 
refraction and a coating having outstanding reflection 
prevention performance is obtained. 

[0020] 2-1 Method of Producing Microparticle Dispersion 
Having Outer Shell made up of A Plurality of Coating Layers 
Following step (c) in the method of manufacturing the 
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abovementioned microparticle dispersion, a hollow spherical 
silica group microparticle dispersion made up of a shell 
having a plurality of coating layers can be produced by 
adding a forming step for the second silica coating layer. 
The organic silicon compound indicated in the 
abovementioned chemical formula (1) in this step may be the 
same as the organic silicon compound indicated in step (b) . 
In chemical formula (1), when the organic silicon compound 
wherein n = 0, it can be used as is. However, when an 
organic silicon compound wherein n = 1 to 3 is used, the 
same compound as the partial hydrolyte of the organic 
silicon compound used in the abovementioned step (a) should 
be used. The thickness of outer shell 10 can be adjusted by 
forming a second silica coating layer and the thickness of 
outer shell 1 0 can ultimately be ad j us ted to 1 to 5 0 nm. In 
addition, after the second silica coating layer has been 
formed, the abovementioned removing step is not carried 
out. As a result, the coating layer has only fine holes and 
it is easy to make it denser by reducing or eliminating 
altogether the fine holes of the coating layer in the water 
and heat processing or in the heat processing step. 

[0021] 

In addition, when the organic silicon compound wherein 
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n = 1 to 3 is used to form the second silica coating layer 
the dispersibility in the organic solvent is good and a 
silica group fine particle dispersion with high 
hydrophilicity with resin can be obtained. As a result, 
surface processing can be carried out using a si lane 
coupling agent, however, the dispersibility in organic 
solvents and the hydrophilicity in resin is outstanding so 
that this type of processing is by no means mandatory . In 
addition, when a fluorine -containing organic silicon 
compound is used to form the second silica coating layer, a 
coating layer containing fluorine atoms is formed so that 
the resulting particles have a lower index of refraction 
and at the same time the dispersibility in organic solvents 
is good and a silica group microparticle dispersion having 
a high hydrophilicity in resin can be obtained. This 
fluorine organic silicon compound may be any of the 
following: 3, 3, 3-trif luoropropyl trimethoxy silane, methyl- 
3, 3, 3-trif luoropropyl dimethoxy silane, 
heptadecaf luorodecyl methyl dimethoxy silane, 
heptadecaf luorodecyl trichloro silane, hep taf luorodecyl 
trimethoxy silane, trif luoropropyl trimethoxy silane, 
tridecaf luorooctyl trimethoxy silane and compounds and the 
like represented by the following Chemical Formula (2) as 
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[Chemical Formula 1]. 
[0022] 

[Chemical Formula 1] 

! I 

R* O-Sf- (X) -$i-0R 2 - * • (2) 

I i 

R* R* 

(where R 1 and R 2 may be the same or different and indicate 
an alkyl group, a halogenated alkyl group, an aryl group, 
an alkyl aryl group, an aryl alkyl group, an alkenyl group, 
a hydrogen atom or a halogen atom. R through R may be the 
same or different and indicate an alkoxy group, an alkyl 
aryl group, a halogenated alkyl group, an aryl group, an 
alkyl aryl group, an aryl alkyl group, an alkenyl group, a 
hydrogen atom or halogen atom. X indicates - (Ca Hb Fc) =; a 
indicates an integer which is an even number of 2 or 
greater; b and c indicate integers which are even numbers 
of 0 and above . ) 

[0023] 

For example, the methoxy silane represented by (CH3O3 
SiC2 H 4 Ce F12C2 H 4 Si (CH 3 0)3 is a compound represented by the 
abovementioned chemical formula (2) . The hollow fine 
particles dispersed in the dispersion obtained in this way 
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can be used to obtain the hollow spherical fine particles 
like 2. above, except that the outer shell is configured of 
a porous first silica layer and a second silica layer. 



[0024] 2-2 Method of Producing Fine Particle Dispersion 
With Densified Outer Shell 

The hollow spherical silica group fine particle 
dispersion having a densified outer shell can be obtained 
by water and heat processing of the fine particle 
dispersion obtained in the abovementioned 2-1 . This means 
that an alkali aqueous solution should be added as needed 
to the fine particle dispersion formed on the second silica 
coating layer with the pH adjusted within a range of pH 8 
to 13 and subjected to heat treatment. The heat treatment 
temperature at this time should be within the range of 
approximately 50 to 350°C and particularly within the range 
of 100 to 300°C. The fine holes in the coating layer can be 
reduced or eliminated altogether by water and heat 
processing. A solvent and / or gas and a porous substance 
are left inside the cavity of the outer shell which has 
been densified with silica group fine particles. 
Furthermore, when heat processing is carried out, the 
concentration of the microparticle dispersion obtained in 
step (c) can be diluted beforehand or concentrated and 
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processed. In addition, last of all, the dispersion which 
has been subjected to water and heat processing like the 
abovementioned step (c) may be washed. 

[0025] 2-3. Method of Producing Microparticle Dispersion 
with Cavity Sealed In Using Outer Shell 

The microparticle dispersion obtained in 2-1. above or 
the microparticle dispersion obtained in 2-2 . whose 
cavities which have not been sealed completely by the outer 
shell are dried, then sub j ected to atmospheric pressure or 

II 

depressurized and subjected to heat processing at 400 to 
12 0 0 °C (temperature of 1/3 of the melting point of silica 
and less than that) so that the hollow spherical silica 
group microparticles with cavity sealed by the outer shell 
can be obtained. When the heat processing temperature is 
less than 4 0 0 °C, the fine holes in the coating layer cannot 
be completely closed. Meanwhile, when the heat processing 
temperature exceeds 1200°C, the silica group microparticles 
stick to one another and their spherical shape cannot be 
maintained. The silica group fine particles obtained in 
this way have no solvent in the cavity so that it is 
difficult to obtain a dispersion using the regular solvent. 
However, as the inside is made up only of a gas or of a gas 
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and a porous substance, the index of refraction of the 
particles is extremely low and the coating obtained using 
these particles has a low index of refraction and the base 
material with attached coating has outstanding reflection 
prevention performance. In addition, the coating on which 
these particles are laminated has an excellent adiabatic 
effect and said particles are useful as an adiabatic 
material . 

[0026] 4. Base Material with Attached Coating 

Next, we shall describe the base material with coating 
in the present invention. The base material may be used for 
glass, polycarbonate, acrylic resin, PET, TAC and other 
plastic sheets , plastic film, plastic lens, plastic panel 
and other base material and to form a coating on the 
surface of a CRT, fluorescent display tube, liquid crystal 
display panel and other type of base material. Although 
this differs depending on the use mentioned above, the 
coating may be formed alone or a protective coating, hard 
coating film, flattened coating, high refractive index 
coating, insulating coating, conductive resin coating, 
conductive metal microparticle coating, conductive metal 
oxide microparticle coating and combinations of primer 
coatings may also be used as needed. Furthermore, when 
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these are used in combination, the coating in the present 
invention need by no means be formed on the outermost 
surface. This type of coating is coated onto the base 
material by dipping, spraying, spinning, roll-coating the 
coating solution, to be discussed further on, and other 
well-known methods , dried and then baked if needed . 



[0027] 

The abovementioned coating solution is a mixed 
solution of the abovementioned dispersion ( sol ) and the 
coating formation matrix and an organic solvent may be 
mixed if necessary . The coating forming matrix is a 
constituent which can form a coating on the surface of the 
base material and a resin can be selected which is 
compatible with the adhesiveness with the base material, 
the hardness, the coating characteristics and other 
conditions. For example, conventionally used polyester 
resins, acrylic resins, urethane resins, vinyl chloride 
resins , epoxy resins , me 1 amine resins , fluorine resins , 
silicon resins , butyral resins , phenol resins , vinyl 
acetate resins, ultraviolet light cured resins, electronic 
beam cured resins, emulsion resins, water-soluble resins, 
hydrophilic resins, mixtures of these and copolymers of 
these resins and denatured bodies and other coating resins 
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or hydrolyte containing organic silic 
abovementioned alkoxy silanes and the 



on compounds 
like may be 



of the 
used . 



[0028] 

When a coating resin is used as a matrix, an organic 
solvent dispersed sol which has substituted water for 
alcohol and other organic solvent as the abovementioned sol 
dispersion medium should be hollow microparticles 
containing the abovementioned organic group. After the 
abovementioned microparticles have been processed using a 
well-known coupling agent as needed, the organic solvent 
dispersion sol which has been dispersed in the organic 
solvent and the coating resin are diluted using a suitable 
organic solvent and used as a coating solution . In this 
case, when the molecular weight of the coating resin is low 
or the particle diameter is small , the silica group 
microparticle dispersion (or silica group microparticles) 
indicated in 2-2. or 2-3. above should be used so that the 
coating resin does not enter the cavity of the silica group 
microparticles. Meanwhile, when the molecular weight of the 
coating resin is high or the particle diameter is large, 
the coating resin does not enter the cavity in the hollow 
fine particles so that the solvent inside the cavity 
evaporates and drifts and a lower index of refraction 
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effect is manifested 
dispersion indicated 



so that the s 
in 2 . or 2-1 . 



ilica group micr 
above should be 



oparticle 
used . 



[0029] 

Meanwhile, when a hydrolytic organic silicon compound 
is used as a matrix, water as well as an acid or alkali is 
added as a catalyst to the mixed solution of the alkoxy 
silane and alcohol so that the partial hydrolyte of the 
alkoxy silane is obtained and the abovementioned sol is 
mixed with it . It is diluted with an organic solvent as 
needed and can be used as a coating solution. When the 
hydrolytic organic silicon compound is used as the matrix 
and the molecular weight of the hydrolyte is great or the 
particle diameter is large, these do not enter the cavity 
of the silica group micro fine particles indicated in 2 . or 
2-1 . above . However, the strength of the coating obtained 
or its adhesiveness to the base material sometimes decline 
so that a hydrolyte with a low molecular weight or small 
particle diameter is used as a matrix. In this case, the 
silica group fine particle dispersion (or silica group fine 
particles) indicated in 2-2. or 2-3. above should usually 
be used. 
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[0030] 

The weight proportion of the silica group fine 
particles in the coating solution and the matrix should be 
within the range of silica group fine particle/matrix = 1/9 
to 9/1 . When the weight ratio exceeds 9/1 , the coating is 
insufficiently strong and is impractical . Meanwhile, when 
the ratio is less than 1/99, the effect of adding the 
silica group fine particles does not manifest. The index of 
refraction of the coating formed on the surface of the base 
material differs depending on the mixing ratio of the 
silica group microparticle and the matrix constituent as 
well as on the index of refraction of the matrix used and 
there is a low index of refraction of 1.20 to 1.42. 
Furthermore, when the silica group mi cropar tides in the 
present invention indicated in 2 . or 2-1 . above are used, 
the dispersion medium is eliminated and becomes a gap when 
the coating dries even if the dispersion medium enters the 
cavity. At the same time, the outer shell has fine holes 
and the thickness of the outer shell is controlled within 
the parameters indicated above. As a result, the coating 
formation constituent made of resin and the like stops at 
the outer shell . After the resin has been cured, the fine 
holes of the outer shell is shielded and the cavity inside 
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the silica group fine particles is maintained. In addition, 
when the silica group fine particles in the present 
invention indicated in 2-2. or 2-3. above are used, the 
outer shell densifies and the solvent and / or gas with a 
low index of refraction packs and seals the cavity so that 
the matrix constituent does not enter the cavity. 



[0031] 

It is recommended that when the index of refraction of 
the abovementioned base material with coating is less than 
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1.60, a coating having an index of refraction of 1.60 and 
above (hereinafter, referred to as ^intermediate coating") 
be formed on the surface of the base material and a coating 
containing the silica group microparticles in the present 
invention be formed . As long as the index of refraction of 
the intermediate coating is 1.60 and above, a base material 
with coating can be obtained having a great difference in 
the index of refraction of the coating containing the 
silica group fine particles in the present invention and 
having an outstanding reflection prevention performance. 
The index of refraction of the intermediate microparticles 
used, the mixing ratio of the metal oxide and the resin and 
the like as well as the index of refraction of the resin 
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used. The coating forming coating solution in the 
intermediate coating is a mixed solution of metal oxide 
particles and a coating formation matrix. If necessary, the 
same type of coating containing the silica group fine 
particles in the present invention can be used and a base 
material with coating having excellent adhesiveness between 
both coatings can be obtained by using the same coating 
formation matrix . 

[0032] 

[ Practical Example ] We shall describe the present invention 
more specifically by using the following practical 
examples . 

[0033] [Practical Example 1] 

Producing Silica Group Microparticles (P-l ) 

We heated a mixture of 100 g of Si0 2 with a 20 wt. % 
concentration of silica sol with a mean particle diameter 
of 5 nm and 190 0 g of pure water to 8 0 °C . The pH of this 
reaction mother liquor was 10.5. At the same time, we added 
to this mother liquor 9000 g of 1.17 wt . % of a sodium 
silicate aqueous solution as SiC>2 and 9000 g of 0.83 wt . of 
a sodium aluminate aqueous solution as AI2O3 . During that 
time, we maintained the temperature of the reaction 
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solution at 80°C. The pH of the reaction solution 
immediately after adding increased to 12.5 and there was 
virtually no change thereafter. After this was added in its 
entirety, we cooled the reaction solution to room 
temperature, washed it using an ultrafiltration membrane 
and produced a solid content concentration of 20 wt. % of 
an SiC>2 • AI2O3 kernel particle dispersion, (step (a)) 
We added 1, 700 g of pure water to 500 g of this kernel 
particle dispersion and heated it to 98°C. While 
maintaining this temperature, we added 3,000 g of a silicic 
acid solution (SiC>2 concentration of 3.5 wt . %) obtained by 
deal kali nation of the sodium silicate aqueous solution 
using a positive ion exchange resin and obtained a kernel 
particle dispersion which formed the first silica coating 
layer . (step (b) ) . 

Next, we washed this using an ultrafiltration membrane and 
added 1,12 5 g of pure water to 50 g of a kernel particle 
dispersion which formed the first silica coating layer 
which had a solid content concentration 13 wt. % . We 
dropped concentration hydrochloric acid (35.5 %) , made the 
pH 1.0 and carried out dealumination processing. Next, 
while adding 10 L of a pH 3 hydrochloric acid aqueous 
solution and 5 L of pure water, we separated the aluminum 
salt which had been dissolved using an ultrafiltration 
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membrane. Then, we substituted ethanol for the solvent 
using the ultrafiltration membrane and produced a silica 
group microparticle (P-l) dispersion which formed the first 
silica coating layer with solid content concentration of 20 
wt . % . 
(step (c)) 

The thickness, mean particle diameter and MO x /Si02 (mol 
ratio) of the first silica coating layer made of these 
silica group fine particles (P-l are indicated in Table 1 . 
Here, the mean particle diameter is measured by using the 
active scattered light method. We measured the index of 
refraction using Cargill's Series A, AA as a standard 
diffraction solution and measured it using the following 
method . 

[0034] Method of Measuring Index of Refraction of Particles 

(1) We collected the complex oxide dispersion solution in 
an evaporator and evaporated the dispersion medium. 

(2) We dried this at 120°C and made a powder of it. 

(3) We dropped two or three drops of a standard refraction 
solution whose index of refraction was already known on a 
glass plate and mixed the abovementioned powder with this. 

( 4 ) We carried out the abovementioned operation ( 3 ) using a 
number of different standard refraction solutions and used 
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the index of refraction of the standard refraction solution 
when the mixed solution was transparent as the index of 
refraction of the fine particles. 

[0035] Producing Base Material with Transparent Coating (A- 
I) 

We passed the silica group fine particle ( P-l ) 
dispersion through an ultrafiltration membrane and 
substituted ethanol for the water in the dispersion medium. 
We mixed thoroughly 50 g of this ethanol sol (solid content 
concentration of 5 wt . %, 3 g of an acrylic resin (Hitaloid 
1007, made by Hitachi Kasei (Ltd. ) and 47 g of a 1/1 
(weight ratio) mixed solvent of isopropanol and n-butanol 
and prepared the coating solution . We dried this for one 
minute at 8 0 °C and obtained a base material (A-l ) with 
transparent coating with a transparent film thickness of 
100 nm. The total light beam transmittivity of the base 
material with the transparent coating, the haze, the 
reflectance of a 550 nm wavelength and the index of 
refraction of the coating are indicated in Table 2. The 
total light beam transmittivity and the haze were measured 
using a spectrophotometer (Ubest-55, from Nippon Bunko 
Ltd.). In addition, the index of refraction was measured 
using an ellipsometer (EMS-1, made by ULVAC) . Furthermore, 
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the uncoated PET film had a total beam transmittivity of 
90.7 %, the haze was 2.0 % and the reflectance of the beams 
in a wavelength of 550 nm was 7.0 %. 



[0036] 

In addition, we made 11 parallel scratches on the 
surface of the transparent base material with transparent 
coating (A-l) using a knife horizontally and vertically at 
1 mm intervals and used 10 0 scratches as a measuring mark . 
We attached cellophane tape to this and evaluated the 
adhesiveness by classifying the number of measures when the 
coating did not peel off when the cellophane tape was 
peeled into the following the stages. Results are indicated 
in Table 2 . 

90 or more measuring marks remaining: © 
85 to 89 measuring marks remaining: 0 
84 or fewer measuring marks remaining: A 



[0037] Producing Base Material with Transparent Coating (B- 
I) 

We added a small amount of hydrochloric acid to a mixed 
solution of 20 g of ethyl silicate (SiC>2 concentration of 28 
wt. %) , 45 g of ethanol and 5.33 g of pure water and 
obtained a matrix containing a partial hydrolyte of the 
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ethyl silicate. In this matrix we mixed 16.7 g of an 
ethanol sol (solid content concentration of 18 wt . %) in 
which the dispersion in the silica group fine particles (P- 
1) were substituted by the ethanol and the solvent and we 
produced a coating solution. We coated this coating 
solution onto the surface of a transparent glass plate 
using the spin method at 500 rpm for 10 seconds. Then, we 
heat-treated this for 30 minutes at 160°C and obtained a 
base material with transparent coating (B-l) having a 
transparent coating thickness of 2 0 0 nm. The total light 
beam transmittivity of this base material with transparent 
coating (B-l), the haze, the reflectance of light beams at 

/9 

a wavelength of 55 0 nm and the index of refraction of the 
coating are indicated in Table 3. Furthermore, the uncoated 
glass substrate had a total beam transmittivity of 92.0 %, 
a haze of 0.7 % and the index of refraction of the light 
beams with wavelength of 550 nm was 4.0 %. 

[0038] [Practical Example 2] 

Producing Silica Group Fine Particles ( P-2 ) 

We carried out the same operations for producing the silica 
group microparticles (P-l) in Practical Example 1, and 
obtained a kernel particle dispersion which formed the 
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first silica coating layer passing through step (a) . Then, 
we washed this using an ultrafiltration membrane and added 
1,125 g of pure water to 500 g of a kernel particle 
dispersion which formed the first silica coating layer 
which had a solid content concentration of 13 wt. %. We 
dropped concentrated hydrochloric acid (35.5 %) , adjusted 
the pH to 1.0 and carried out dealumination . Next, while 
adding 10 L of a hydrochloric acid aqueous solution with pH 
3 and 5 L of pure water, we separated the aluminum salt 
which had been dissolved using an ultrafiltration membrane. 
We prepared a dispersion of the SiC>2 # AI2O3 porous 
particles from which had been removed part of the 
constituent elements of the kernel particles which formed 
the first silica coating membrane (step (c) ) . We heated a 
mixture of 1500 g of the abovementioned porous particle 
dispersion, 500 g of pure water, 1,750 g of ethanol and 626 
g of 2 8 % aqueous ammonia to 35 °C . Then, we added 104 g of 
ethyl silicate (SiC>2 28 wt . %) , coated the surface of the 
porous particles which formed the first silica coating 
layer using an ethyl silicate hydrolyzed polycondensate and 
formed the second silica coating layer. Next, we produced 
the silica group microparticle ( P-2 ) dispersion with a 
solid content concentration of 20 wt. % in which the 
solvent using the ultrafiltration membrane had been 
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substituted by ethanol. We observed these fine particles 
(P-2) using a scanning electron microscope (SEM) and many 
of the fine particles were observed as indicated in Figure 
1 (d) . 

[0039] Producing Base Material with Transparent Coating (A- 
2) and (B-2 ) 

We carried out the operations as in producing the base 
material with transparent coating (A-l ) , (B-2 ) except that 
we used the dispersion solution in silica group 
microparticles (P-2) instead of the dispersion solution in 
the silica group microparticles ( P-l ) in Practical Example 
1 and obtained the base material with transparent coating 
(A-2) , (B-2) . 

[0040] [Practical Example 3] 

Producing Silica Group Microparticles P-3 

We carried out the same operations as in producing the 

silica group fine particles (P-2) in Practical Example 2, 

coated the surface of the porous particles which formed the 

first silica coating layer using an ethyl silicate 

hydrolyzed polycondensate and formed the second silica 

coating layer. Next, we concentrated this to a solid 

content concentration of 5 wt . % using an evaporator. Then, 
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we added aqueous ammonia having a concentration of 15 wt. % 
and adjusted the pH to 10. We heat-processed this in an 
autoclave for two hours at 180°C and produced the silica 
group microparticle (P-3) dispersion with a solid content 
concentration of 2 0 wt . % . We observed the mi cropar tides 
using a scanning electron microscope (SEM) and many of the 
fine particles were observed as indicated in Figure 1 (d) . 

Producing Base Material with Transparent Coating (A- 3 ) , (B- 
3) 

We carried out the same operations as in producing base 
material with transparent coating (A-l) and (B-2) in 
Practical Example 1 except that we used the silica group 
microparticle (P-3) dispersion instead of the silica group 
microparticle (P-l) dispersion in Practical Example 1 and 
obtained base material with transparent coating (A-3) , (B- 
3) . 

[0041] [Practical Example 4] 

Producing Silica Group Mi cropar tides ( P-4 ) 
We dried the silica group microparticles (P-3) dispersion 
obtained in Practical Example 3. Next, we produced the 
silica group microparticles (P-4) by heat treatment for two 
hours at 850°C. We observed these microparticles (P-4) 
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using a scanning electron microscope (SEM) . Many 
microparticles appeared as indicated in Figure 1 (d) . 

Producing Base Material with Transparent Coating (A-4) and 
(B04 ) 

We carried out the same operations for producing the base 
material with transparent coating (A-l), (B-l) in Practical 
Example 1 except that we dispersed the silica group 
microparticles (P-4) in ethanol and used it as silica group 
microparticle (P-4) dispersion having a solid content and 
concentration of 20 and used this instead of using the 
silica group microparticle (P-l) dispersion in Practical 
Example 1 and we obtained the base material (A-4) with 
transparent coating . 

[0042] [Practical Example 5] 

Producing Silica Group Microparticles ( P-5 ) 

We carried out the same operations as in Practical Example 
2 except that we used a 0.98 wt . % sodium silicate aqueous 
solution as AI2O3 and a 1.02 wt . % sodium aluminate aqueous 
solution as AI2O3 in step (a) in Practical Example 1 and 
produced a silica group microparticle (P-5) dispersion with 
solid content concentration of 2 0 wt . % which formed the 
first silica coating layer and the second silica coating 
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layer 



Producing Base Material with Transparent Coating (A-5) , (B- 
5) 

We carried out the same operations as were used to produce 
the base material with transparent coating (A-l ) , (B-l ) in 
Practical Example 1 except that we used a silica group 
microparticle (P-5) dispersion instead of the silica group 
fine particle (P-l) dispersion in Practical Example 1. 

[0043] [Practical Example 6] 

Producing Silica Group Microparticles (P-6 ) 

We coated a surface with porous particles which formed the 
first silica coating layer as we did in Practical Example 5 
using an ethyl silicate hydrolyzed polycondensate and 
formed the second silica coating layer . Then, we 
concentrated it to a solid content of 5 wt . % using an 
evaporator, added aqueous ammonia at 15 wt . % concentration 
and adjusted the pH to 10. We heat-treated this in an 
autoclave for two hours at 180°C. We produced the silica 
group microparticle (P-6) dispersion having a solid content 
concentration of 20 wt. % in which the solvent was 
substituted by ethanol using an ultrafiltration membrane. 
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Producing Base Material with Transparent Coating (A-6) , (B- 
6) 

We carried out the same operations as we did to produce the 
base material with transparent coating (A-l ) , (B-l ) in 
Practical Example 1 except that we used a silica group fine 
particle (P-6) dispersion instead of the silica group 
microparticle ( P-l ) dispersion in Practical Example 1 and 
obtained a base material with transparent coating (A-6) , 
(B-6) . 

[0044] [Practical Example 7] 

Producing Silica Group Microparticles (P-7 ) 
We dried the silica group microparticle (P-6) dispersant 
obtained in Practical Example 6. Then, we heat-processed it 
for two hours at 8 0 0 °C and produced silica group 
microparticles (P-7) . 

Producing Base Material with Transparent Coating (A-l), (B- 

Z) 

/io 

We carried out the same operations as in manufacturing the 
base material with transparent coating (A-l), (B-l) in 
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Practical Example 1 except that we dispersed the silica 
group microparticles (P-7) in ethanol and used it as a 
silica group microparticle (P07) dispersion with solid 
content concentration of 20 wt. % and used this instead of 
the silica group microparticle (P-l) dispersion in 
Practical Example 1 and obtained base material with 
transparent coating (A-7) , (B-7) . 

[0045] [Practical Example 8] 
Producing Silica Group Microparticles ( P-8 ) 

We carried out the same operations as in Practical Example 
2 except that we used a 0.76 wt. % sodium silicate aqueous 
solution as Si0 2 and a 1.25 wt . % sodium aluminate aqueous 
solution as AI2O3 in step (a) in Practical Example 1 and 
prepared a silica group fine particle (P-8) dispersion with 
a solid content concentration of 20 wt. % which formed the 
first silica coating layer and the second silica coating 
layer . We observed these microparticles using a scanning 
electron microscope (SEM) and many of the microparticles 
were observed to be those indicated in Figure 1 (c) . 

Manufacturing Base Material with Transparent Coating (A- 8 , 
B-8 ) 

We carried out the same operations as in manufacturing the 
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base material with transparent coating (A-l), (B-l) in 
Practical Example 1 except that we used a silica group 
microparticle (P-8) dispersion instead of the silica group 
fine particle (P-l) dispersion in Practical Example 1 and 
we obtained the base material with transparent coating (A- 
8), (B-8). 

[0046] [Practical Example 9] 

Preparing Silica Group Mi cropar tides ( P - 9 ) 
We heated a mixture of 100 g of a silica sol with a mean 
particle diameter of 5 nm and 1900 g of pure water to 80°C. 
The pH of the reaction mother liquor was 10.5. At the same 
time, we added to the reaction mother liquor 9000 g of a 
0.96 wt . % sodium silicate aqueous solution as SiCb and 9000 
g of a 1.04 wt. % potassium stannate aqueous solution as 
SnC>2 . During that time, we maintained the reaction solution 
temperature at 80°C. The pH of the reaction solution 
immediately after adding it increased to 12.5. Thereafter, 
there was virtually no change. After this had been added in 
its entirety, we cooled the reaction solution to room 
temperature, washed it with an ultrafiltration membrane and 
produced a SiCb • SnC>2 kernel particle dispersion with solid 
content concentration of 20 wt. %. Next, we carried out the 
same operations as in Practical Example 1 and formed the 
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first silica coating layer. Then, we carried out 
destannation processing and formed the second silica 
coating layer in the same way as Practical Example 2 and 
produced the silica group fine particle (P-9) dispersion. 
We observed the mi cropar tides (P-9) using a scanning 
electron microscope (SEM) and observed many of the fine 
particles as indicated in Figure 1 (d) . 

Manufacturing Base Material with Transparent Coating (A-9) , 
B-9 ) 

We carried out the same operations as in manufacturing the 
base material with transparent coating (A-l ) , (B-2 ) in 
Practical Example 1 except that we used the silica group 
microparticle (P-9) dispersion instead of the silica group 
microparticle (P-l) dispersion in Practical Example 1 and 
obtained a base material with transparent coating (A-9) , 
(B-9) . 

[0047] [Comparative Example 1] 

Producing Silica Group Mi cropar tides ( P-l 0 ) 

We carried out the same operations as in Practical Example 

3 except that we used a 1 . 5 wt . % sodium silicate aqueous 

solution as Si02 and a 0.5 wt . % sodium aluminate aqueous 

solution as A1 2 0 3 in step (a) in Practical Example 1, 
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carried out water and heat processing and produced a silica 
group microparticle (P-10) dispersion with a solid content 
concentration of 20 wt . %. 

Manufacturing Base Material with Transparent Coating (A- 
10), (B-10 ) 

We carried out the same operations as in manufacturing the 
base material with transparent coating (P-10) except that 
we used the silica group microparticle (P-10) dispersion 
instead of the silica group microparticle ( P-l ) dispersion 
in Practical Example 1 and obtained the base material with 
transparent coating (A-10) , (B-10) . 

[0048] [Comparative Example 2] 

Producing Silica Group Microparticles (P-ll ) 

We mixed 10 g of silica sol with a Si02 concentration of 2 0 
wt . % and 190 g of pure water, produced a reaction mother 
liquor and heated it to 95°C. The pH of the reaction mother 
liquor was 10.5. At the same time, we added to the reaction 
mother liquor 24,900 g of a sodium silicate aqueous 
solution with 1.5 wt % as Si02, 36,800 g of a sodium 
aluminate aqueous solution with 0.5 wt . % as AI2O3. During 
that time, we maintained the temperature of the reaction 
solution as 95°C. The pH of the reaction solution 
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immediately after adding the sodium silicate and the sodium 
aluminate increased to 12.5 with virtually no change 
thereafter. After it had been added in its entirety, we 
cooled it to room temperature, washed it using an 
ultrafiltration membrane and produced an Si02*Al 2 03 kernel 
particle dispersion with solid content concentration of 2 0 
wt . %. Next, we collected 500 g of this kernel particle 
dispersion, added 1, 700 g of pure water and heated it to 
98°C. While maintaining the temperature, we added 3,000 g 
of a silicic acid solution ( Si0 2 concentration of 3.5 wt . % ) 
obtained by dealkalination of the sodium silicate aqueous 
solution using a positive ion exchange resin and formed a 
first silica coating layer on the kernel particle surface. 
We washed the kernel particle dispersion obtained using an 
ultrafiltration membrane and ad j us ted it to a solid content 
concentration of 13 wt. %. Then, we added 1,125 g of pure 
water to the kernel particle dispersion, dropped 
concentrated hydrochloric acid (35.5 %) , brought the pH to 
1 . 0 and carried out dealumination processing. Then, while 
adding 10 L of a hydrochloric acid aqueous solution with pH 
3 and 5 L of pure water, we separated the aluminum salt 
which had been dissolved using the ultrafiltration membrane 
and produced a porous particle dispersion which formed the 
first silica coating layer. We heated a mixture of 1500 g 
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of the porous particle dispersion which formed the 
abovementioned first silica coating layer, 500 g of pure 
water, 1,750 g of ethanol and 626 g of 28 % aqueous ammonia 
to 35°C. Then, we added 104 g of ethyl silicate (Si0 2 28 wt . 
%) and formed a second silica coating layer using an ethyl 
silicate hydrolyzed polycondensate on the surface of the 
porous particles which formed the first silica coating 
layer . Next, we concentrated it to a solid content 
concentration of 5 wt. % using an evaporator, brought the 
pH to 10 and heat-treated it at 180°C in an autoclave for 
two hours. We produced a silica group microparticle (P-ll) 
dispersion with solid content concentration of 20 wt. % in 
which the solvent was substituted by ethanol using an 
ultrafiltration membrane . 

Manufacturing Base Material with Transparent Coating (A- 
11), (B-ll ) 

We carried out the same operations as in manufacturing the 
base material with a transparent coating (A-l), (B-l) 
except that we used a silica group microparticle (P-ll) 

/ll 

dispersion instead of the silica group microparticle (P-l) 
dispersion in Practical Example 1 and obtained the base 
material with transparent coating (A-ll), (B-ll). 
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[0049] [Comparative Example 3] 
Producing Silica Group Microparticles (P-12 ) 
We mixed 100 g of a silica sol with a mean particle 
diameter of 5 nm and a SiC>2 concentration of 20 wt. % and 
1900 g of pure water, produced a reaction mother liquor and 
heated it to 95°C. The pH of this reaction mother liquor 
was 10.5. At the same time we added to the reaction mother 
liquor 9,000 g of a sodium silicate aqueous solution with 
0.69 wt . % as Si0 2 and 9,000 g of a sodium aluminate aqueous 
solution with 1 . 92 wt . % as AI2O3 . During this time, we 
maintained the temperature of the reaction solution at 
95°C. The pH of the reaction solution immediately after the 
sodium silicate and the sodium aluminate had been added was 
12.5 and there was virtually no change thereafter . After 
this had been added in its entirety, we cooled the reaction 
solution to room temperature, washed it with an 
ultrafiltration membrane and produced an SiC>2 • AI2O3 kernel 
particle dispersion with a solid content concentration of 
20 wt. % . We observed this kernel particle dispersion using 
a scanning electron microscope (SEM) and observed that 
besides silica group spherical particles , alumina group 
rod-shaped microparticles were present and many particles 
had coagulated with one another. As a result, we did not 
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carry out any steps after the first silica coating layer 
had been formed. 



[0050] 
[Table 1] 
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[captions : 

1: Kernel Particle; 2: Silica Coating Layer; 3: Outer 
Shell; 4: Silica Group Micropart icles ; 5: Notation; 6: 
Type; 7: Mol Ratio (MO x ) ; 8: First Layer Thickness; 9: 
Second Layer Thickness; 10: Thickness (nm) ; 11: Mol Ratio 
(MO x ) , 12: Mean Particle Diameter; 13: Index of Refraction 
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[0051] 



[Table 2] 
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[captions : 

1 : Base Material with Transparent Coating (Organic Resin 
Matrix); 2: Notation; 3: Total Beam Transmitt ivity ; 4: 
Haze; 5: Reflectance; 6: Coating Index of Refraction; 7: 
Adhesiveness 
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[0052] 



[Table 3] 
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[captions : 

1: Base Material with Transparent Coating (Silicon Resin 
Matrix); 2: Notation; 3: Total Light Beam Transmitt ivity ; 
4: Haze; 5: Reflectance; 6: Coating Index of Refraction 



[0053] 

[Effect of Invention] 

The present invention provides silica group 
microparticles with an extremely low index of refraction. 
In addition, the base material with transparent coating has 
a low index of refraction, has outstanding adhesiveness 

/12 

with resins and the like, has outstanding strength, 
reflection prevention performance and the like. 

[Brief Explanation of Figure ] 

[Figure 1] A sectional view of the silica group 
microparticles in the present invention. 
[Explanation of Notation] 
10 . . outer shell 

11. .first silica coating layer 
12. .second silica coating layer 
20 . . cavity 

22. .precursor substance 
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[Figure 1] 
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X 7"o^y7y, yxf;l/ ^ y ^ #*(f & <i & 0 

X Big Lfc«JBfc=3r < *3ltt* W LTV^S 

4 o 

[0016] ( b ) n 1 y mmmmm 
e^Htasns-frs. ^y^imtL-c, in 



(or- ) 4 . n [fML. r„ R' : T/t^;i^ ru — 

1, 2 4ft:J±3] T'^S^xST^^^^^^ySrfflV^ 
[0017] ffift&j&k LT(±. itl^cor^-J^^y- 

yy, K*» ;K^a^»»(clKKi: LT 

(vsrmsnTivai y xteRfcaanufciisfc - usbbsk? 
•cttasira-r s £ t «> t# . Mia u^ks-? ^PKtffl 

[0018] ( c ) Si<7)M 

9ti&k Lx<miimm<nfta£2&iiirriit>&wi 

co— gp* ft:(±^2r^*-r§ W± . KSK^4MKJKtl£ 
e^*«*?3sJD^S £ k iz X otiliiS L>t 0 . ft 

IfMMdtffLTO. 1 — 5 011%. SCO. 5 — 2 
5fi*%OffiHIC#>&£ LV^ 0. lfii%* 

1 5" y ttmmmiz&wz, ^ y ^cosflff^Bd s 

4ft:. miL^comm^5omA%imti>k, mi 
T%ffim-z>mt^mm&£'j?%\ l mmT®£; uz < < 

Lftft:ltl^*T'# & <7) t*f LT s is y ^cD^MS^ffiV » 

fcft tz . y * J V t T t E*> (c tzffi 

mt. £tosa. ^y^^'ffico7c»cBif#LT^*§n 

[0019] ±IB7U«^l^*(i. » 6*1.4 ^ U*3«StS 

^-COMOx /S i 0 2 A*, 0. 0 00 1—0. 2. iff 
(=, 0. 0 00 1 — 0. 1 k%h±X'ftoZkififtt.L 

muz x <o im^-t £ t 4 . £ . w^tst 



! ( 6 ) 001-23361 1 (P2001-FR11 



lot ^mmm^vii- mrt^Tis. z co ± a 

[0020] 2 - 1 . aj^Egjil^ itfe 

t;fS2 ^ U #»«Jf ^®Jj£lg£ttJn-f & ifctcj: y , 

iSKS: £ fc 4 . *If£tfc(7&Wtafl^ 

( 1 ) fcSrt*«^IMb^*fc LT<i. ( b ) IgT 

( i ) iz&^x. n = o nGmmtt&m* 
v ■> § ^mm^^mftwrnwrn t m t 1 o & ffl v * 

0 «J¥S £ JbKWfc: l-50nmtfS;t J&^BE fc 4 

[0021] ifc, *2>-i;XraaMI«JBftfc:n=i~ 

xmmwsm Lxm ^ s £ fc s # s , ^ra^M^^^- 

St^ (i i 0 ffiSW* fc £■ £ fc fc 1 fc^JfflK^>a«tt 

# h Z b &X § £ . £ O i a 55:* 7 -y ***S*lt^ 
fcLTti:. 3, 3, 3-b'J7;l^n7nt^b^l 
^f^Sx^y, ^-f-;P-3, 3, 3-lij7/WD7ot" 

7V, l l j7Wo7nf/HWl^yy5y, hU 



C-fbl 3 t LT«£ ( 2 ) T'^Sfx^^^^W 

[0022] 

R 3 R 5 

I I 
R 1 O-Si- (X) -Si -OR 2 • • • (2) 

I I 
R 1 R° 

y— r/WT 1 ;-/^, ru-zim/ii, 

3 ~R 6 {±SV4:PI— t^oT^S^ot^ti) 

(5, - (Ca Hb Fc ) a (i 2 JSUKOffiRtT 

mss^ b be \&o&±<?>mtX'hz>Wkb-t&« ) 

[OO23]0lUff, (CH 3 0) 3 SiC 2 H 4 C 6 
F 12 C 2 H 4 Si (CH 3 0) 3 -CmZtlZ>J<h ^iszs 
5yi±JJEflS¥W ( 2 ) T*5iil>ft^i«lotl) 

[00 24] 2-2. a^^^g£fcM£mg 

MIE2 - 1 . xnhKtzmn^m^mzTmmm- 

5^£»lLT*m L<(1pH8- 1 3««gHtiSS 
3 5 0°COffiH. WffC 1 0 0 — 3 0 CCOtEH^lffS L 

tuBfLTii. ig(c) x^tzmmtttimcommz^ 

Hb^m LX , * 5 V LTMH-T £ £ fc s . 

4fc. MIBIS ( c ) fclwBHcLT, ?J<iS»I 

[00 2 5] 2-3. »HRtc:«t 0 g^^r^ Lfc%&^ 
USE2 - 1 . TWtiSHa^Pirtfc*. 4fc«2 - 2 . T1# 

00-1 2 00-C(y'J* crffl&CD 1 / 3 — HuS*SI<J0 
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trart-fcifctfTS-r, -^UD^as^'i 2 0 0 
x^ZMz.&ti'VX mm^-tfn ^ cm # l ?t y . «*e 

*ftfirT#*V^ bi^tbh. ^coj: o \zLX%t>ti1zis 

[0026] 4. mmnsM 

f««f 4 » # 9* , U # - K 7 ?'J /MS Hi , 

PET, TACf«/7Xf -7^y-h, 7°5X-?-.y? 

<vmt* miff, »3t«7K«. ffi B H B **«^«s«<7) 

[0027] ±fBi£M4, lfrfELfc^gtM (WW fc 

WK^^fflv b y -y ^ -x t «»&«rcsb o . &mz x y 
t comm^msz , iitti«*tt t s-^-r * etui 

t^*xTi->&^yxx7VMSfli, 7*$"J/HSMi, 

mitmm. xv/i^/wsm. #m>mm. M*<\m 
at. ztii*w&>sk&h. m><,zteztit>wmco2im& 

[00 28] ^Uy?;*fcLT«WWJ«IIt*fflV>4* 



: f«*vm3 v^»4, mmmmmv^ y 

MrttAS r b *»Sr^ i o CluiE 2 - 2 . t ?t{4 2 - 
[00 29] 7b'J»m LT Jn*iM»ttt« 

imit-^m^m^m^z^ mm* nva^y^y 

VbT)l-3—}V?M-& ; Mz* 7k33 iXffflMb LXcr>W& 

umu*ftwmz%. ^tazwMv'tvi^L, 'Xmiz 
mtx^mmmxm^ lx . wmmb-th t\ t tfix% 

. lute 2 . 4 fcti 2 - i . -ca^ ^ y ^ ^ae^ 
(42-3. fis^ y ^ aitKS : P»iWR ( 4 (4 is y 

[00 30] mtMtpnisV fiMMitf-b-? v y -v 

comas o^(4 . x y ^ mm^/-? Mjyn=i/9 

9 — 9/1 «4eH£W4 U\ S*Jt* I 9/ 1 
ttSdReOMlfiWJ&UTlSfflttfcJCft*— 1/9 9 

Sftvh y v 9 xf&ttmc?>msit^& ix/mmi-h v 

h'J y^fOJTOWtio'tfcllSr** 1 , l. 2 0 — 
1. 4 2 kffiHSf^i:**. =Sr*s> *^to^y^^ 
S^g#:<5 F )SJlr^(4, 1. 2 0—1. 38Tftoft. >I 

#t{4. 2 . */£(4 2 - 1 . T-a^Jt >- y 
wm&Mte LxmMb%&bmz, Me&mmfi * * 

■frm$T$tL&frt>X°$>&<, £?z. ^WMc02-2. tfz 

«2-3. x&^fz >> vxmm^-xii., JMSj&qwFfi: 

§ tLT fcffiJTOf *OJffiBEfe «fc V/ 4 ^ {4M^3&^ 

m% v ^ t (4 & fix v ^ § cot'v h y ••/ 7 x fcftwmu 

n^zXh^b-h^v^hXhh, 

[0031] $^(c. iMZLtzmmftmtfizm^x. m 
ttnmmmwi. 6 oot<t)*§-£(c(4. stj^ffltjssf 
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Wl. 6 0lil±^ttd (JUT, +IBI«Kfcv^. ) 

- 1 tfffiWSih.* . #IBHMBtf>JB0f*# 1 . 

6 o a±.Tfotmm£*?m<vi/ u #»«Hff- s- *t*» 

ffiffl^T & ffifli^JBSr* (c i " tilt Sit § * . 

mmi-? hvvfxt <vm&mx'fo o , j: y 

i^Itm „ |s|— ^MJFMffl^h 'J >y ?x*fflv* 

[0032] 

[00 33] CMj4M1] 

¥%Sfl5 nm s S i 0 2 igjg2 0li%Oyll ^VA- 

1 0 0 g t *fc7j< 1 9 0 0 gcoa^W* 8 0°CtcMS L 
tz . <! cDgOE#J£eo pHlilO. 5 Tfc 0 . S 
iO, t LX 1 . 1 7a*%coifK-^ h U ^A7K^9 
000giAl 2 O 3 bLXO. &3MM%<7)T>V$.y 

wv b y *? j+m^w. 9 o o o g t £ mmzmuLtz . % 

colSL &£38<7)iaS£ 8 0'C tzU&Ltz . RJEffl&a p h 
ttiSsMtflL 12. 5te_k#U *^f*. »iT3Efl;L* 

®KT-^LTHff^«JS2 01i%« S i 0 2 • A 1 

2 0 3 1^?#tHK£iSi8l,fc. (11(a) ) 

i <^RtSE : F4MRa 5 0 0 g CJfck l , 7 0 0 g £iD;cT 

9 8 °c cms t , ; oj&k * ffis l . eiti y 
>>A*»aE*»-f xyjmmmx'MTJi* u Lr»s>;h. 
j^skm ( s i o 2 ji(K3 . 5mm%) 3, ooogj 

(18(b) ) 

ovvc. PJWr®MTi£#LTI10»Ki 3li%(; 

=5ro fcffn ^ y xmmm$:Bf& LtzWi^-^mm 5 0 

Ogtlfcfcl, 1 25g£flni., ££>t?tSB£ (3 5. 
5%) iWTLX p H 1 . OtL, MT^S-^AMfl 
tz . ^T" . P H 3 CT)^K*^?S 1 0 L £ S*7K 5 

U o V vCRRjfcFJiH £ ffl jffiK Sr x ? y ~Mz 

mm Litis v fi wm?f- ( p-i ) ff>mm * mm l tz . 

(11(c) ) 

io^u^amws'F- (p-i)cossi ^y^ssifcoff^, 

MO x /SiOj (^WJt) , fc^tXSJIf^ 



fflSU. Jg^(iM2P@Sf?St LTCARGILL ^Series 

[0034] jg^B agg^m^ 

( 2 ) 'ixSr 1 2 0 o CT'«t*t. ^fc-T-l. . 

( 3 ) aw*^sta«m*a^2r 2 , 3?«^7X«± 
( 4 > jje ( 3 > com^m^commmmmx^^. m 

[0035] mmmttMtf (b-rwwm 
y^atf (p-tfcvftmmmniFi&mizmL, # 

liffic7)7K Sr x ^ J —MzWM Ltz, ■Zcozr.? J —)W)V 

(mjmm&5mM% > 5 0 g t . u^wib < t ^ 

■anj—tVb y—)i-<7) 1 / 1 (MMtt) M^M 

M47 st^yt^izu^Lxm^m^mmLfz. zcom 

fIJPET7 4)VMzj*.— a— 9— feX'WPftiL. 8 0 

"cx\ 1 ttffl&jgiZitx . immmcommtf 1 0 0 n m 

IS) (Cj: 9 , MltW±^3t3t«lt (0*^a. Ubest- 

55 ) fc: ± 9 ^ « iujg t ^ . tfz. w.m<r>mmm± , x y 

ry^-^- ( uLVACttS, ems-i ) tiOil 

#*9 0. 7%, 0%. ft*5 5 0nm^ 

[0036] ttz. mammnrnw (A-D^itt^ 

yX-Wmi mmCOf^PST'l l ^coTtr^^ftft 1 0 0 

t -t n ? r yf—y°^mM Ltz t § tzmmtfMM-it 

-TBff LT V ^4 ftBcom* . MTV 3 BH8fc:4»W* £ 
»£7hB*>»8 4fflKT :A 

[0037] aqHMM#aw (B-i) coast 

xf/ly'J ^r- h ( S i 0 2 jftSE 2 8S*% ) 2 0 g , 
I^/-/H5gfcJ: t^7j< 5 . 3 3 g 

MMU7iy icovh y y^X 

(c, v»J^^«Se? (P-l)«04MRaE*x^y-;kfcjffi« 
WMLtz^? J-)VY)V (MBWMmi 8M&%) 1 
6. 7g£fi£LT8MiS£HI!Ufc. 

HH^^X^O^Ht 5 0 0 r p m s 10 b° 
■7— OStmtfctt, 1 6 0°CT3 0^-S. JPitM; 
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£3fttS3S3S4s#* 9 2. 0 % . 'vf X# o . 7 % 
5 0 n mC03K*S«S*f*3&<4 . 0 %X'$> 
[0 0 38] CHJt#IJ2] 



mm 5 



Hffcftl 1 c?)is V X&tifflt? ( P-l) cr>mmb R8£ LT , 

i*i (a) £st , ft i ^ u * wmmzmfc Ltdm.^ 

WMttWz (18(b) ) ft, Rl^r^MT»LTEIiJ 

1 3 ftis i ^u*»BW*»j«tfc 

SE&'F ^ffitfg 5 o o g (cM* l , l 2 5 g Ztinx. . § h 

Kili (35. 5%) JiTLtpHl. OtL.ffi 
»[ 1 0 L fc (fck 5 L SJiri =Sr A* 6 I^F-iP ai$iTi§» Lft 
SES^wHBat^-^HKSH^UfcSiO, - Ai,o 

3 ^TLee^^^^i)g»Lft ccg<c)) . ±ie# 

ftSHfrfflttM 1 5 0 0 g £ . M*5 0 0 g , zr.? J- 
)V\, 7 50 g&Xlf 2 8%T>^~T7l<.6 26 gb#) 

»&«*3 5 < C(cJI*L3t», xf-y^U^-b ( S i 
0 2 2 8fiM%) 104g*JBanU, »1^U*KW1 

^TM L T* 2 ^ U #IMM £ JME L . 
&l >T* . RS^hriiM £ ffl V ^T * x ? J —MzWM L 

tiffl&ftm&2 on*%<r)i/v*twm=? (p-2)«#sfc 

(SEM) THH? Lft £<!•?>. ^<cryUMB-\mi 
id) OidttlSRSflft, 

[0039] wmsBmmt ( a-2) , < b-2) emm 
mum i^v xmmt? ( p-d co^-mm^itt> y t . 
^ y # ( p-2) o4mbc»e £ ffl v * wummm 1 
«shbsbs#3£w ( A-i) , ( B-i) crmmtmmizLx , 
mmmnmw ( a-2) , ( b-2) & *#ft . 

[0 04 0] Ciltt#lj3] 

kHA ( p-3) ^tfflM 

mmm 2 « ^ y # ^as^ ( p-2) coiiass t ibj« k l t , 



5SM%4TiI*§LftfiL fftJKl 5nsL%CDT>^-T 
tKS-JQ^TpH 1 0 i; L„ 7'T'l 80°C 

2 BSrasn&aiyi L . KJ^MItfflv ^ ?§«^x^ y - 

Mzwm. Ltzm&ftmm. 2 0 y A&wm? 

(P-3)«iMRJKtil«Lfc. -«4iijc^ (P-3)^^SM 

m^»it (sem) t« Lft t i ^ . ^< <7>m$tF 



1(d) ^.tafcMfcSfufc. 

^qaftisftasw ( a-3) , ( b-3) <nmsk 

mmm 1 y xmmt?- ( p-d «o*»«f5ftb 0 1 . 

^ y # jRawtF ( p-3) <o4mifc*fflv*fcjawi3aiw 1 



«atlttMf«W (A-lh (B-l)«Mit£|WI«tLT, 
3*PiRRft*ff ( A-3) s ( B-3) £ »fc . 
[004 1 ] CHS6M4] 
i/WMfif ( P-4) c7)|HIM 



HJSM 3 T-f#ft i/ 'J * 5&flS» ( P-3) W^MRJflE * 8& 



=F (P-4)%mWLfz 



MM (SEM) TWKUfcfci* 

(d) cojzoizwmztitc 
mwwRHmt ( a-4) , ( b-4) co\ 
isvxmm&T (p-4) *3z? y-Mzwi&zitxwm- 
m%. 2 0 n%oy y ( p-4) coftmmt l , 

i*i*is*fc«i «^y %mm.T (v-D^mmith 
0 tcfflv^jawisgBftw 1 commwmnmm ( a-d . 
( b-i) <nmt t mmiz lt . mmmtmt ( a-4) . 

(B-4)£»fc. 
[0042] CHM^J5] 

•J^SRStfi^ (P-5)cDiWSJ 



mmiCOTMia.) fc:tJf»T, Si0 2 fcUO. 9 8 

n%<oaKth 'J ^A7K^?«t . A 1 2 o 3 t LT 

1.02 ma^crir/i' s ywtt- h y t 
u/sjawiiwM 2 ^ isi«(c lt, m 1 ^ y xwrnma 

£xm2i' y *ttaW*^(KL^IlJ^MR!£ 2 0fi»% 
^^UXraMKS^ (P-5)0^fWg^i«agL^o 

^HflMM#»t ( A-5) a ( B-5) c7)Mj§ 

mm w^v tmmt^ < p-d comiw^ y t , 

y ^rSfiUta^ ( P-5) <7)^ISSS^ffl^7tI^hi4»ftM 1 

nwrnmnm® (a-d, (B-D^Mj§tiBi«(cLT, 

aHHIftlSft S*f ( A-5) , ( B-5) * #ft . 
[0043] CHJ6M6] 
^'J^lMf (P-6)<^)WB 



mm\ 5 1 mniz lt . m 1 ^ y ^mwb^ ^l/s^ 

T1&3LTH2 isVAMm*m&Ltz&, xjWU- 

iory^-TTK^SnxTpH 1 0 1 L. 

T18 0°C, 2^Jn^SL. P^hrjiJK^ffl^T^ 
aSE£x? y-/H;:SBi LftSff^iiJS2 0Mi%Oi/ y 

^^m^^ ( p-6) nftwmitmm l?z . 

jjBH»IS#aW ( A-6) , ( B-6) 

»ftM 1 co y ^ ^me^ < p-d co^m&co ttb y t , 

y ^rjRWS'F ( P-6) ^iS^g^ffl^ftl^hiiSUfiM 1 
waHHftKftStf ( A-l) s ( B-D «0l8Jg fc R8£ LT , 
SBflSMWKW ( A-6) , ( B-6) & tf ft . 
[0 044] CSUfcM7D 

yu^ata^ (p-7)comm 

mmm 6 Tt#ft y a < p-6) ntmm * m% 

L. 3C^T8 0 0TT2B^ra1iD^3!!iaLT^y^^ES 
^ (P-7)^M»Lft„ 
aaBMH#*W ( A-7) . ( B-7) tOSjt 



(iX 0 ) ) 0 1 -2 3 3 6 1 1 (P2 00 1-B" ! 



J" U il ^mfc? ( P-7) Sri 9 J -M. 

m&2 oss%o^y#«&^ (p 



Dco^Wa&t L, 

mmm ico^o $m$m^- ( p-i ) ^i$»fu> 

ttffi* (A-lh 

#aw ( a-7) . 



(z-DcowmtmmizLz „ ®bhs 

(B-7)£»ft. 
[0 04 5] CH»J8] 
v-'J^^I^ (P-8)?)fffl»[ 

H»Jl^Ifs(a) tCfcV>T. SiO; fcLTO. 76 
|gT h y ^ A/fQ§^fc „ A 1 2 0 3 fc LX 



LftliW±M4f?iJ 2 fc ffittfc: LT . Hi i^'J ^i^IiiJ 

<fc^2 ~>v#&wa*m$LLtim8ftm&2 011% 

=f- ( P-8) £ jE^cM^ &SS« ( S E M ) -cms? Lft fc <I 

^Kcomn^mi <c> oiacttRsn*:. 

aHJI«IBSft&W ( A-8) a ( B-8) Ojgjg 

^J&CT 1 eoisV#X$m? ( P-D <^*»?K<^ftb 0 C> 

^ y ( p-8) «4rtWKtffl^fcjaw4iatw i 

(A-D , ( B-D cowm t mmiz lt , 
mmmnms < a-sk < b-8) * #ft . 

[0046] C3?*4#IJ9] 

kJ2^ ( P-9) eomis 



¥%Sg5nm, S i O 



2 0 



10 0 g fclfc* 1 9 0 0 gCOM-^lS- 8 owztmt 

ft . ; pHiiio. 5 o . mmmz s 

i 0 2 tUO. 9 6ll%«eit b 'J ^A*^9 
000gtSnO 2 fcLTl. 0 4ll%Oll*iJ^ 



McO?SJK Sr 8 0 °C fc L ft . MJCEM^ p H { mtm. 

a. i2. 5fc±#t, -e-cot*. j&ifsdftt^ofe. 

j*LTBffiBfl«*2 0I1%<7)S i 0 2 ■ S n0 2 mi 

=?ftmmmm ttz . #v ^t-nsfiM 1 1 ^«fc lt , is 

l^'J^WfOMLftf*. KSn«yH*ffV^ Hffi 



m2t mmiz lxm 2 >> y * mmmmm^n 

J: "5, isVtrmm? (P-9)<o*iki«*il»L>t. i<o 
(P-9)*^SM*^«il ( SEM) TUSlLft 



ft 



CTfeMtSH ( A-9) , ( B-9) Dgjt 



mm 1 y *^fgt&^ ( p-d nw&mvxvb y t, 
is y ( p-9) co^mm^m^tzim-immm 1 

c^aHBSKf+sw ( A-i) , ( B-D comm t mmiz l t , 

SHfJMMftWJ ( A-9) , ( B-9) S f#ft . 
[0047] UfcKWl] 
yU^^^ta?- (P-10) g>i8» 

H»Jl(7)X?i(a) fctJV^T, Si0 2 fcLTl. 5* 

mxcowm- h y , a 1 , o 3 t lx 0 . 



2 0S*%O^y^^m&^ (P-10) O^tfe^SrlRI^L 

ft. 

®0H»M#KW (A-10) , (B-10) col 



m 

mm lcoisv xmmttf- ( p-d 0 1; 

i^U^jRIKS^ (P-10) <04Htt3K*fflV«;JaW4l 
1 «aBJ!MM«W ( A-l) , ( B-l) coSSJi fc L 
T, MWmmttMtt (A-10) , (B-10) Sr#ft 0 
[0048] CJt«M2] 

i" y ^ amts 1 ? ( p-n > ^ mm . 

■%<7)^y^V;P 



¥*^Sf@5 nm, SiO 



2 0 



1 OgfctfoKl 9 0 g fcSrvI^-LTRJtEftS^lllKL. 
9 5t:i:»L/i. i^jEftygcopHti 1 0 . 5Xfo 
HWKtSiO, fcLTl. 5*a%«SitThy 
^ A7jQ§?& 24, 900gfc,Al 2 0 3 fcLTO. 5 
m-B-%<7)T;l- 5 h y V^kW®. 3 6, 800gt 



SLft. Rjtas<7)pH{i s sgt^by^A^iufr^s 
ywr v y ^A^jnitf*, 12.5 t_L#L. 

•c^a l . »nr mmx-mft l t s^aus 2011% 

«osiO ; ■ A 1 2 o 3 ^©^iSSSSrif«Lft„ J^v^ 

X\ Z (Tym&T-ftWLffi 5 0 0 g £ SFX L , 1,70 
0 g SrJnx. T 9 8°C^M L , i L*^ 

^> , mfcr v y ^at|<^^^ ^y^mmmx-mrDi- 
# y L-c#^tiftass^ (sio 2 mms. 5Ma%) 
3 , o o o g Sr^sn Lxm^mmzm 1 ^ y ^aaa 

&?FMLft 0 W^aftSS^iSc?!^. RBfl-rwcifc 
» L T iM8£ 1 3 SS% (rtlflfi L ft c0 % , Sfi^ 



5 00 gtaK*l, 1 2 5 gSrjD^. 
(35. 5%) SrffiTLTpH 1 . OfcL, MT/PS- 
T>i,£ail£ tf o ftco^ , p H 3 cDiMig?f<^g 1 0 LfcM 

?j< 5 l ^mttc^^mmmxmmttzT)v s -^a 

«&4Mi L , 1 ^ U ^ & ff^fiSc L ft ^?L«»fr 

Wfe^iScffi 1 5 0 0 g fc , 5 0 0 g , 
1, 7 50 g*5J:t^28%ry ; &— r*62 6gfc<0ig 
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